primary-care practices in England. 23
Methods: Medical records of dogs attending practices participating in the VetCompass project that 24 met selection criteria were assessed. Univariable and multivariable logistic regression methods 25 evaluated association of risk factors with CCL disease diagnosis. 26
Results: CCL disease prevalence was estimated at 0.56% (95% CI: 0.52 -0.59). Compared with 27 crossbred dogs, rottweilers, west highland white terriers, golden retrievers, Yorkshire terriers, and 28
Staffordshire bull terriers showed increased odds of CCL disease diagnosis whilst cocker spaniels 29 showed reduced odds. Increasing bodyweight within breeds was associated with increased odds of 30 diagnosis. Dogs aged over 3 years had increased odds of diagnosis compared with dogs aged less 31 than 3 years. Neutered females had 2.1 times the odds of diagnosis compared with entire females. 32
Insured dogs had 4 times the odds of diagnosis compared with uninsured dogs. Two thirds of cases 33 were managed surgically; insured and heavier dogs more frequently had surgery. Overall, 21% of 34 cases were referred, with referral more frequent in heavier and insured dogs. Referred dogs more 35 (reference number 2010 1076F). 79
The VetCompass animal surveillance project collates de-identified electronic patient record data 80 from primary-care veterinary practices in the UK for epidemiological research. 20 The sampling 81 frame for the current study included electronic patient record data relating to all dogs provided 82 with health care during the study period at every clinic within the Medivet Veterinary Group, a 83 large network of integrated veterinary practices covering central and south-eastern England. 21 
84
These clinics care predominantly for companion animal species and were located within both 85 urban and rural locations. Clinical data shared with VetCompass are de-identified and participation 86 within VetCompass operates under an opt-out approach for owner consent. 22 Participating 87 practices used a single bespoke practice management system that allowed practitioners to record 88 summary diagnosis terms from an embedded standard nomenclature, the VeNom codes, 23 at 89 episodes of clinical care. Electronic patient record data were extracted from the practice 90 management system using integrated clinical queries 24 the expected counts were fewer than 10 in any cell).
28 Risk factor analysis firstly screened all 137 demographic risk factors using univariable logistic regression; factors with a liberal P<.20 were 138 further evaluated using multivariable logistic regression. Model-building used manual backwards 139 elimination, beginning with the maximum model and iteratively testing and eliminating variables 140 using a cut-off of P<.05. All eliminated factors were re-evaluated for confounding effects within 141 the provisional-final model using the change-in-estimate approach: a change in the odds ratio for 142 a primary exposure variable of more than 10% was considered to represent important 143 confounding. 29, 30 Biologically important pairwise interactions between final model variables were 144 assessed using the likelihood ratio test with a cut-off of P<.05. The 953 case dogs comprised 621 (65%) incident cases that were diagnosed for the first time 170 during the study period and 332 (35%) cases that had been diagnosed with CCL disease prior to 171 the study period. The median age at first diagnosis of incident cases was 7 years (IQR: 4.2 -9.6, 172 range: 0.3 -15.5) (Fig 1) (Table 1 ). The probability of surgery was higher in insured (80%) than uninsured 179 (Table 2) . 213 increased odds of diagnosis with CCL disease compared with the remaining population of healthy 217 and unwell dogs attending veterinary practices for any reason that did not have a diagnosis of CCL 218 disease. The cocker spaniel had a significantly decreased odds of diagnosis. Neutered female dogs 219 and dogs aged over 3 years had increased odds of diagnosis compared with dogs aged less than 3 220 years. Insured dogs were more likely to be diagnosed with CCL disease, and within breeds, heavier 221 individuals were more likely to be diagnosed with CCL disease than lighter dogs. 222
The prevalence of CCL disease diagnosis reported in this study is lower than the previously 223 reported range of 1.2%-2.6%. 4, 6 This difference may be the result of previous studies estimating 224 prevalence of CCL disease based on referral caseloads whilst the current study looked at CCL 225 disease diagnosed in primary-care practice. 226
When considering specific breeds diagnosed with CCL disease, this study detected significantly 227 increased odds of diagnosis with CCL disease in the rottweiler, west highland white terrier, golden 228 retriever, Yorkshire terrier and Staffordshire bull terrier compared with crossbred dogs presenting 229 to primary-care practices, and these findings are consistent with findings of other studies.
5-8 230
Identification of the cocker spaniel as a breed with reduced odds of diagnosis is a previously 231 unreported finding and highlights a potential resource for further investigation. These findings may 232 justify a morphometric analysis of breeds at increased and reduced risk, as has been reported for 233 hip dysplasia. 33 
234
In support of the study hypothesis that increased bodyweight in dogs is associated with increased 235 risk of diagnosis with CCL disease, the results showed a strong association between higher 236 bodyweight within breeds and increased odds of CCL disease diagnosis. Because body size in anintrinsic descriptor for each breed, the study avoided conflating breed and body size effects byspecifically comparing between bodyweight tertiles within breeds for associations with a diagnosis 239
of CCL. Multivariable analysis demonstrated that bodyweight within breeds was significantly 240 associated with CCL disease diagnosis. Within the frequent breeds in this study, dogs in the 241 heaviest third of bodyweights had 3.4 times the odds of being diagnosed with CCL disease 242 compared with those in the lightest third of bodyweights. Although the underlying reason for this 243 is unclear, it is suggested that with increasing bodyweight, the load placed through the limbs and 244 subsequent strain placed on the ligaments increases, which accelerates the process of degeneration 245 of the CCL.
2,34 Without morphometric data, it is difficult to know whether those dogs in the 246 heaviest bodyweight category had an increased stature compared to those in the lowest category 247 or whether the dogs were overweight, however these data suggest that bodyweight plays a 248 significant role in the development of CCL disease. Further investigation is required to understand 249 the relative significance of bodyweight and obesity in the development of CCL disease. 250
The median age at first diagnosis of CCL disease was 7 years of age which parallels previous 251 reports. 6, 8 The finding that dogs aged 9.0-11.9 years had 4.4 times the odds of having a diagnosis 252 compared with dogs aged under 3 years may result from increased ligament degeneration in older 253 dogs compared to younger counterparts. 19 There may also be some degree of bias 267 on the part of the veterinary surgeon -knowing the owners will want to pursue further 268 investigation. Insured dogs were also more likely to undergo potentially more expensive options 269 including surgery, referral for secondary-care management and osteotomy surgery rather than 270 extra-capsular procedures. Full diagnosis of CCL disease in uninsured dogs may have been more 271 difficult because primary-care practitioners were unable to establish the presence of cranial drawer 272 or tibial thrust in the conscious dog and financial constraints prevented further investigation of the 273
lameness. 274
Over two thirds of the dogs (68%) were managed surgically, with dogs referred for secondary-care 275 treatment more frequently having a surgical intervention. Heavier dogs more frequently underwent 276 surgery, which may be promoted by literature suggesting that dogs weighing greater than 15 kg 277 show persistent lameness when not surgically managed. 36, 37, 39 Previous reports have also 278 suggested that dogs weighing under 15 kg can do well with conservative management. 36, 37 279 However these studies relied upon visual assessment of outcomes alone, and there is evidence that 280 lameness detection in smaller dogs is more difficult due to more rapid stride frequency and shorter 281 stride length leading to false assumption of greater improvement in small dogs than in larger 282 dogs. 38 It appears that the notion that smaller dogs have less need of surgery for cruciate ligament 283 disease persists today. 284
The current study identified a 50:50 split between extra-capsular and osteotomy techniques. A 285 recent systematic review suggested that some osteotomy procedures offered a better outcome than 286 extra-capsular methods, and it is perceived by many that osteotomy typically offers a more rapid 287 early recovery than extra-capsular methods. however, that the VetCompass programme shares clinical data on all dogs that attend primary-298 care veterinary practices and these include 24% of dogs with no disorders diagnosed. 45 The study 299 relied on the attending veterinarians for diagnoses of CCL disease and it is possible that some 300 truly affected dogs were missed or that some recorded CCL cases were misdiagnosed. 301
In conclusion, certain breeds appear at increased risk of CCL diagnosis, whilst the cocker spaniel 302 had a reduced risk. Female neutered status, increased age and increasing bodyweight within breeds 303 was identified as a risk factor for CCL disease diagnosis. Dogs that were insured were also more 304 likely to be diagnosed with CCL disease. Most dogs were managed surgically as per current 
